ABSTRACT KRAFT, A. A. (Iowa State University, Ames), AND J. C. AYRES. Production of fluorescence on packaged chicken. Appl. Microbiol. 9:549-553. 1961.-Development of fluorescence caused by pseudomonads proliferating on packaged chicken was determined by examination of the poultry under ultraviolet light and by measurements of absorption spectra. Asparagine broth inoculated with organisms from chicken showed absorption maxima at 270 m,u and 410 m,; these peaks are characteristic of the fluorescent pigment, pyoverdine. Absorbance calculated as the ratio (A270m, + A410m,)/A35Om, provided a convenient measure of amount of pigment produced; this ratio was related to numbers of fluorescing organisms recovered from chicken. Absorption peaks generally increased during the first few days the poultry was stored at 5 C and then declined during the latter part of the 7-day holding period.
A410m,)/A35Om, provided a convenient measure of amount of pigment produced; this ratio was related to numbers of fluorescing organisms recovered from chicken. Absorption peaks generally increased during the first few days the poultry was stored at 5 C and then declined during the latter part of the 7-day holding period.
Production of fluorescence was influenced by packaging materials. Fluorescence was not visible on poultry until counts of fluorescing bacteria were as great as 100,000 to 1,000,000 per cm2. Growth of fluorescent pigment-producing pseudomonads on chicken was stimulated during storage after the poultry was dipped in solutions containing iron.
Fluorescent spoilage of shell eggs has been recognized for many years. The pigment complex produced by pseudomonads has been referred to as "fluorescein," but Elliott (1958) indicated that the term "pyoverdine," as used by Turfreijer (1941) , more correctly described the green, water-soluble pigment. In contrast to reports concerning eggs, fluorescence as a manifestation of spoilage of chicken has received relatively little attention. Examination of poultry under ultraviolet light was considered by Cotterill (1956) Barnes and Shrimpton (1958) , who reported a poor correlation between development of off-odors and the appearance of fluorescence on chicken.
In an extensive study characterizing Pseudomonas fluorescens and other species of pseudomonads, Rhodes (1959) indicated that pigment production was not a constant property of these organisms. Earlier work (Sullivan, 1905; Georgia and Poe, 1931; Jamieson, 1942; King, Campbell, and Eagles, 1948) stressed the importance of various minerals and salts for pigment formation and indicated that composition of the medium had a marked influence on ability of pseudomonads to elaborate the water-soluble, fluorescent pigment. Similarly, formation of pyocyanine, the chloroform-soluble pigment, was shown by Haynes (1951) to be dependent upon components of the medium in which Pseudomonas aeruginosa was grown.
In view of observations indicating that fluorescence may become apparent on poultry undergoing microbiological spoilage, the present study was initiated in an attempt to evaluate development of fluorescent pigment on poultry meat in relation to growth of pseudomonads. In addition, a limited investigation was conducted concerning the effects of iron on spoilage of poultry, since a recent report by Garibaldi and Bayne (1960) (Ayres et al., 1956) . Fluorescing organisms were enumerated on the fluorescin medium of King, Ward, and Raney (1954) . Plating was performed using the surface technique described by Silliker, Shank, and Andrews (1958) , since greater numbers of fluorescing bacteria were recovered from plates prepared by surface inoculation than from pour plates. Total counts were made from pour plates of Trypticase soy agar (BBL).5 All plates were incubated at 15 C for 3 or 4 days.
The chicken was examined periodically for fluorescence under ultraviolet light.6 Determinations were also made of absorption spectra of broths inoculated with organisms obtained from the poultry. For these measurements, chicken was sampled as indicated previously and the moist cotton swab placed in a flask containing the broth described by King et al. (1954) or the asparagine medium of Georgia and Poe (1931) . The flask was shaken at 30 C for 18 to 20 hr and incubated without shaking for an additional 18 to 20 hr. This procedure was accepted after testing several combinations of time and temperature with and without shaking the flask. The broth was then centrifuged and the absorption spectrum of the supernatant liquid was measured with a Beckman model DU spectrophotometer.7 Absorption spectra of stock cultures of Pseudomonas were determined in a similar manner.
RESULTS AND DIsCUSSION
Prior to tests with organisms sampled from chicken, measurements were made of absorption spectra of known pseudomonads cultured in asparagine broth. Curves for P. aeruginosa (2F41)5 and Pseudomonas fragi (2F36)8 are presented in Fig. 1 WAVELENGTH, mp maxima at 270 m, and 410 m,t were observed for P. aeruginosa and at 405 m,u for P. fragi. The absorption spectrum for P. aeruginosa was in general agreement with spectra depicted by Elliott (1958) for crude preparations of pyoverdine and for Pseudomonas ovalis. The curve for P. fragi resembled that shown by Turfreijer (1941) for pyoverdine B. When examined under ultraviolet light, the broth supernatant from the culture of P. aeruginosa exhibited bright blue-green fluorescence, whereas the supernatant from P. fragi fluoresced with a pale color. According to Elliott (1958) , the intensity and color of fluorescence of pyoverdine is correlated with concentration of the pigment, proceeding from blue to yellow-green with increasing concentration. Similarly, differences in degree and color of fluorescence were related to magnitude of absorption peaks for the two cultures tested. King et al. (1954) but maxima occurred at 270 m,u and at 420 m,u in the asparagine broth of Georgia and Poe (1931) . Fluorescin broth did not appear to be as sensitive as asparagine broth in showing differences in absorption properties between the uninoculated medium and that inoculated with fluorescing organisms. In the following studies, asparagine broth was employed for production of fluorescent pigment to be analyzed by spectrophotometric measurements.
Spectrophotometric curves for fluorescent pigment produced by pseudomonads developing on chicken were similar to those for pure cultures of Pseudomonas. Absorption maxima were noted at 270 m,u and in the range 405 to 420 m,u. The latter peak generally occurred at 410 m,u; Fig. 3 presents changes in absorption peaks at 270 m,u and 410 m,u for broths inoculated with swabs used to sample chicken packaged in LSAD cellophane or Cryovac. Maximal absorption at 270 mu was attained after 2 days for samples from chicken packaged with either material. At 410 mj,, greatest absorption was observed after 1 day for cultures from the poultry wrapped with cellophane and after 2 days for those 1.7 Absorption ot 270 mpi from chicken packaged with Cryovac. When examined under ultraviolet light, broth cultures exhibited bright blue-green fluorescence. After the chicken was stored for 5 and 7 days, absorption peaks of broth samples decreased; the medium appeared brown in color and lacked fluorescence. These data are not intended to imply that the same time intervals as those specified were always associated with changes in absorption maxima as shown in Fig. 3 . However, the trend usually observed was an increase in fluorescence followed by a decline as storage time progressed.
Increases in numbers of organisms during the latter part of the storage period may have caused quenching of fluorescence as a result of reducing conditions and increase in metabolic products. Although no measurements were made of oxidation-reduction potentials in this study, Elliott (1958) (Cotterill, 1956 ). Numbers of fluorescing bacteria recovered from chicken packaged with various materials are shown in curves in Fig. 4 . Since Cryovac packages were not evacuated and did not form a tight-fitting wrap around the meat, free air space existed in the package. This condition, together with the high degree of impermeability to moisture transfer characteristic of the film, permitted retention of liquid in contact with the meat. Conversely, LSAD cellophane allowed loss of moisture so that weight losses of 6 to 7 % were observed after 7 days of storage. The meat became desiccated and this could have prevented bacterial counts from becoming as great as those from chicken packaged with other materials. In other experiments, it was shown that, during the early days of storage, cellophane provided conditions favorable for rapid growth of fluorescing organisms; this film has a high degree of oxygen permeability and is a better barrier to transfer of moisture vapor than is LSAD cellophane. However, by the fourth day of storage, sufficient moisture vapor had been lost through this film to prevent continued rapid growth. Numbers of fluorescing pseudomonads on chicken packaged in Mylar and Cryovac reached greater ultimate populations than they did with either of the cellophanes.
Fluorescence was not evident on chicken examined under ultraviolet light until counts of fluorescing bacteria were of the magnitude 100,000 to 1,000,000 per cm2. Localized fluorescence became apparent after 3 to 5 days of storage, usually at the edges of the wings, or where packaging materials were not in close contact with the meat. An observation of interest was that an initial count of approximately only 500 fluorescing bacteria from freshly cut chicken were sufficient to produce fluorescence in broth after incubation. Apparently, pseudomonads capable of forming pigment were present on the poultry prior to packaging, but development of these organisms was modified by conditions imposed by packaging materials.
In ani attempt to minimize variations in turbidity of the centrifuged broth and to decrease the effects of interfering substances which might influence the overall absorption curve, the ratio of absorption (A270 n + A410 nl,) /A350 m, was established. Absorption at 350 m,u was selected as a reference point because it did not appear to reflect differences in concentration of absorbing materials. In Fig. 5 , optical density values for this ratio are plotted against numbers of fluorescing bacteria recovered from chicken. Although considerable scatter was observed among points, a correlation coefficient of 0.549 was found. This represents significant association between counts of fluorescing organisms and amount of pigment produced. However, a fallacy in the ratio should be mentioned. When optical density readings at 270 mA and 410 m,u were low, indicating little or no pigment present, high values were occasionally calculated for the ratio in instances when absorption measured at 350 mA was also low. Under these conditions, determinations of absorption maxima at 270 mA and 410 miu gave a better representation of pigment concentration than did the proportion between the sum of these maxima and optical density at 350 m,u. greater numbers of total aerobes and of fluorescing bacteria were recovered during storage than those found on chicken not subjected to treatment with iron (Table 1) . These findings for poultry concur with those of Garibaldi and Bayne (1960) for shell eggs; they showed that iron had a marked effect in increasing spoilage of shell eggs by pseudomonads. However, enhancement of fluorescent pigment production by iron as reported by these workers, and as indicated in the present study, was at variance with the reports of Totter and Moseley (1953) and Paton (1959) , who indicated an opposite effect of iron. This discrepancy may be explained by the statement of Totter and Moseley (1953) that iron suppressed pigment formation in the pH range 6.0 to 7.0, but not at higher pH values. The pH of broths examined in the current study was generally in the range 7.5 to 8.5, and it is also quite unlikely that the eggs tested by Garibaldi and Bayne (1960) 
